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(57) A tubular structure positioned in a borehole within . 
a subterranean formation comprises a first tubular 
member ^^S, and a second tubular member 210 
coupled to and overlapping with the first member 
115, the second tubular member being coupled to 
the first by the process of installing the second 
tubular member 210. an expansion cone 205, and a 
shoe 215 that defines an interior region for 
containing fluidic materials in the borehole, radially 
expanding at least a portion of the shoe 215 by 
Injecting a fluidic material into the shoe, and 
radially expanding at least a portion of the second 
tubular member 210 by injecting a fluidic material 
into the borehole below the expansion cone. The 
expanded tubular member has the same inner 
diameter as the non-overlapping portion of first 
(pre-existing) tube 115 after expansion. The 
procedure may be repeated with further tubes 210.- 
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.^JiONODIAMETER WELLBORE CASING 
Cross Reference To Related Applications 
This application is a continuation-in-part of U.S. utitify application serial number 
09/454,139. attorney dodtet number 25791.3.02. filed on 12/3/1999, which claimed the 
5 benefitofthefilingdateof U.S. provisional patent application serial numl)er 

60/111.293, attorney docitet mmber 25791.3. filed on 12/7/1998, the disclosures of 
whteh are incorporated herein by reference. 

This application is related to the following: (1) U.S. patent application serial no. 
09/454,139, attorney docket no. 25791 .03.02. filed on 12/3/1999. (2) U.S. patent 

10 application serial no. 09/510.91 3. attorney docket no. 25791 .7.02, filed on 2/23/2000. 
(3) U.S. patmt application serial no. 09/502,350. attorney docket no. 25791.8.02, filed 
on 2/10/2000. (4) U.S. patent applicatk>n serial no. 09/440,338. attorney docket no. 
25791.9.02, filed on 1 1/15/1999. (5) U.S. patent appOcathx) serial no. 09/523.460. 
attorney dockst no. 25791.11.02. filed on 3/10/2000. (6) U.S. patent applicatton serial 

15 no. 09/512,895. attorney docket no. 25791.1^02. flted on 2/24/2000. (7) U.S. patent 
appHcatton serial no. 09/51 1 .041 . attorney docket no. 25791 .16.02, fitod on 2/24/2000. 
(8) U.S. patent appHcatioii serial na 06/588.946. attorney dodcst no. :^91 .17.02, filed 
on 6/7/2000. (0) U.S. patent appDcation serial no. 09/559,122. attorney docket na 
25791.23.02. filed on 4/26/2000. (10) PCT patent appHcatton serial no. 

20 PCT/USOq/18635. attorney docket no. 25791.25.02. filed on 7/9/2000. (1 1) U.S. 

praviskMial patent applkartton serial no. 60/162,671. attorney docket no. 25791.27. filj^ 
on 11/1/1999. (12) U.S. provistonal patent appHcation serial no. 60/154.047. attorney 
docket no. 25791 .29. filed on 9/16/1999. (13) U.S. provisional patent applicatton serial 
no. 60/159.082. attorney docket no. 25791.34. filed on 10/12/1999. (14) U.S. 

25 iMovisional patent appHcatton serial no. 60/159.039. attorney docket no. 25791 .36, flted 
on 10/12/1999, (15) U.S. provisional patent applkstion serial no. 60/159,033. attorney 
docket no. 25791.37. filed on 10/12/1999, (16) U.S. provisional patent application serial 
no. 60/212,359, attorney docket no. 25791.38, filed on 6/19/2000, (17) U.S. provistonal 
patent applteatton serial no. 60/165,228, attorney docket no. 25791.39. filed on 

30 11/12/1999. (18) U.S. provistonal patent applicatton serial no. 60/221.443, attorney 
docket no. 25791 .45. filed on 7/28/2000. (19) U.S. provistonal patent applcatlon serial 
no. 60/221.645. attorney docket no. 25791.46. fitod on 7/28/2000. (20) U.S. provistonal 
patent appllcaflon sertol no. 60/233.638, attorney docket no. ^791 .47. fitod on 
9/18/2000. (21) U.S. provisional patent appHcatton serial no. 60/237.334. attontey 

35 docket no. 25791 .48. fitod on 10/2/2000. and (22) U.S. provistonal patent applicatton 
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serial no. 60/262,434, attorney docket no. 25791.51. filed on 1/17/2001, the disclosures 
of which are inoorporated herein by reference. 

Background of the Inventton 
This inventk)n relates generally to wellbore casing, and in particular to wellbore 
5 casirigs that are formed using expandable tubing. 

Conventionally, whm a wellbore Is created, a number of casings are installed in 
the borehole to prevent collapse of the borehole wall and to prevent und^ned outflow 
of drilling fluid into the fonmatton or inftow of fluid from the formation into the borehole. 
The borehole is drilled in interval whereby a casing which is to be installed in a lower 

10 borehole hterval Is towered through a prevtously installed casing of an upper borehole 
interval. As a consequence of this procedure the casing of the bwer inten^i Is of 
smaller diam^er than the casing of the upper inten^l. Thus, the casings are in a 
nested arrangennent with casing diameters decreasing in downward directkm. Cement 
annuli are provMed between the outer surf^aoes of the casings and the borehole wall to 

15 seal the casings from the borehole wall. As a consequence of this nested arrangermnt 
a relatively large borehole dianneter is required at the iq>per partof the weUbore. Such 
a large borehole diameter Involves hcreased costs due to heavy casing handling 
equipment, large drill bits and increased volumes of drilling fluU and drill cuttings. 
Moreover, Increased drilling rig time is Involved due to required cement pumping, 

20 cement hardening, required equipment changes due to large variattons in hde 

diameters drilled In the pourse of the well, and the large volume of cuttings drOed and 
removed. 

The present inventkHi is directed to overccmiing one or more of the limitsrttons of 
the existing procedures for forming new sections of casing In a wellbore. 
25 Summary of the Invention 

According to one aspect of the present Invention, en apparatus for fomning a 
welll)ore casing in a borehole located in a subtenanean formation including a 
preexisSng wi^bore casing is provided that includes a support member indudlng a first 
fluid passage, an expanston ocme coupled to the support member including a second 
30 flukJ passage flukJidy coupled to the first flukl passage, an expandable tubular liner 
movably coupled to the expansion cone, and an expandable shoe coupled to the 
expandable tubular liner 

According to another aspect of the present Invention, a shoe is provided that 
includes an upper annular portion, an Intermediate annular portion, and a lower annular 
35 portton. The intennediate annular portion has an outer ctoimfmnce that is larger 
than the outer drcumferenoes of the upper and tower annular porttons. 
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Aocx)rding to another aspect oT the present invention, a method of forming a 
weflbore casing iri a subtananean fonnation having a preexistmg ^ilbore casing 
positioned in a borehole is provided that includes installing a tubular liner, an expansion 
cone, and a shoe in the t)orehole, radially expanding at least a portion of the shoe by 
5 injecting a fluldic material into the shoe, and radially expanding at least a portion of the 
tubular liner by injec^ng a fluidic material into the borehole below the expanston cone. 

According to arK)(her aspect of the present invention, an apparatus for forming 
a wellbore casing in a subtananean fonnation having a preexistlr^ wellbore casing 
positioned in a borehole is provided that Indudra means for installing a tubular liner, an 
10 expansion cone, and a shoe in the borelioie, means for radially expanding at least a 
portion of the shoe, and means for radially expanding at least a portion of the tubular 
liner. 

According to another aspect of the present invention, an apparatus for forming 
a wellbore casing within a sutrterranean formation including a preexisting wellbore . 

1 5 casing positioned in a borehole Is provided that includes a tubular Iher, and nneans for 
radially expanding and oouplirq the tiAular Uner to an overlapping portion of the 
preexisting wellbore casing. The Inside diameter of the radially expanded tubular liner 
Is substahttally equal to the Inside diameter of a non-overtapping portion of the 
preexisting wellbore casing; 

20 According to another aspect of the present invention, a wellbore casing 

positioned in a borehoto within a subterranean fbnmatton is provided that Includes a first 
wellbore casing, and a second wellbore casing coupled to and overlapping with the first 
wellbore casing. The second weDbore casing is coupled to the first welbora casing by 
the process ct installing the second weltoore casing, an expansion cone, and a shoe in 

25 the borehole, radially expanding at least a portion of the shoe by injecting a fluidic 

nraterial into the shoe, and radially expanding at least a portion of the second welbora 
casing by Irijecting a fluidic material into the borehole below the expansion cone. 

According to another aspect of the present Invention, a method of forming a 
tubular structure in a subtenanean formation having a preexisting tubular member 

30 positioned in a borehole is provided that includes installing a tubular liner, an expansion 
cone, and a shoe in the borehole, radially expanding at least a portion of the shoe by 
injecting a fluidic materiai into the shoe, and radially expanding at least a portion of the 
tubular liner by injecting a fluidic material into the borehole below the expansion cone. 
Aooordir^ to another aspect of the present invention, an apparatus for fbnning 

35 a tubular structure in a subtenrariean fomnaUon having a preexisting tubular member 
positioned In a borehole is provided that includes means for Installing a tubular liner, an 
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expan$km Gone, and a shoe in the borehole, means 

portion of the shoe, and means for radially expanding at least a portion of the tubular 
liner. 

According to another aspect of the present invention, an apparatus for fomning 
S a tubular stmcture within a subtenanean fomiation including a preexisting tubular 
member positioned in a borehole is provided that includes a tubular liner and means for 
radially expanding and coupling the tubular liner to an overlapping portion of the 
preexistBig tubular member The Inside diameter of the radially expanded tubular liner 
is substantially equal to the Inside diameter of a non-overiapping portion of the 
1 0 prsexisting tubular member. 

According to another aspect of the present invention, a tubular structure 
positioned in a t>oreho]e within a subtenanean fonmafion is provided that includes a first 
tubular member and a second tubular member coupled to and overiapping with the first 
tubular mentf)er. The second tubular member Is coupled to the firrt tubular member by 
15 the process of: installing the second tubular nnember, an expansion cone, and a shoe 
in the borehole, radially expanding at least a portion of the shoe by b^ecUng a Huidlc 
matertai into the shoe, and radially expanding at least a portton of the second tubular 
member by Injecting a fluidic material into the borehole below the expansion cone. 

Brief Description of the Drawings 
20 FIG. 1 te a fragmentary cross-sectional view illustnsrting the dniling of a new 

section of a well borehole. 

FIQ. 2 is a fragmentary cross-sectional view illustrating the placement of an 
embodiment of an apparatus for creating a mono-diameter wellbore casing wItMn the 
new section of the well borehole of FIG. 1. 
25 FIG. 2a is a cross-secUonal view of a portion of the shoe of the apparatus of 

FIG.2. 

FIG. 2b is a cross-secttonal view of another portion of the shoe of the apparatos 
ofRG.2. 

FIG. 2c is a cross-sectional view of another portion of the shoe of the apparatus 
30 ofRG.Z 

FIG. 2d is a cross-secUonal view of arK>ther potion of the shoe of the apparatus 
ofRG.2. 

FIG. 2e Is a cross-sectional view of a portion of the shoe of the apparatus of 
FIG. 2a 
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FIG. 3 is a fragmentary cross-sectional view illustrating the injection of a 
hardenable fluidtc sealing material through the apparatus and Into the new section of 
the well t)orehole of FIG. 2. 

FIG. 3a is a cross-sectional view of a portion of the shoe of the apparatus of 

5 FIG. 3. 

FIG. 3b Is a cross-sectional view of a portion of the shoe of the apparatus of 
FIG.3a. 

FIG. 4 is a fragmentary cross-sectional view illustrating the Injection of a flukJic 
nnaterial into the apparatus of FIG. 3 In order to fluidldy isolate the interior of the shoe. 
10 FIG. 4a is a cross-sectional view of a portion of the shoe of the apparatus of 

FIG. 4. 

FIG. 4b is a cross-sedional view of a portion of the shoe of the apparatus of 
FIG. 4a. 

FIG^ 5 is a cross-sectional view illustrating the radial expansion of the shoe of 

15 FIG. 4. 

FIG. 6 is a cross-sedional view illustrating the lowering of the expandable 
expansion cone into the radiaHy expanded shoe of the apparatus of RG. 5. 

FIG. 7 is a cross-sectional view lllustrafing the expansion of the expandable 
expansion icone of the apparatus of FIG. 6. 
20 FIG. 8 is a cross-sectional view Illustrating the Injection of fluidic nnateriai into 

the radially expanded shoe of the apparatus of FIG. 7. 

FIG. 9 is a cross-sedional view Illustrating the completion of the radial 
expansion of the expandable tubular member of the apparatus of FIG. 8. 

FIG. 10 is a cross-sedional view illustrating tt^ ramoval of the bottom portion of 
25 the radially expanded shoe of the apparatus of FIG. 9. 

FIG. 1 1 is a cross-sedional view illustrating the formation of a mono-diameter 
wellbore casing that indudes a plurality of overlapping mono-diameter weilbore 
casings. 

FIG. 12 is a fragmentary cross-sectional view illustratir^ the placement of an 
. 30 alternative embodiment of an apparatus for creating a nfK)no-dianr)eterv^llb^ 
within the wellborB of RG. 1. 

FIG. 12a Is a cross-sedtonal view of a portion of the shoe of the apparatus of 
FIG. 12. 

FiG. 12b is a cross-sedtonal view of a portion of the shoe of the apparatus of 
35 FIG. 12. 
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FIQ. 12c is a cross-sectional view of another portion of the shoe of the 
apparatus of FIG. 12. 

Fl G. 1 2d is a cross-sectional view of wother portion of the shoe of the 
apparatusof FIG. 12. 
5 FIG. 1 3 is a fragmentary cross-secttonal view illustrating the Injection of a 

hardenable fluidic sealing nnaterial through the apparatus and into the new section of 
the well txrahole of FIG. 12. 

FIG. 13a Is a crosfr^edional vtew of a portion of the shoe cf the apparatus of 
FIG. 13. . 
10 FIG. 14 is a fragmentary cross-sectional vi&w Illustrating the injection of a fluidic 

material into the apparatus of FiG. 13 in order to fluklicly isolate the interior of the shoe. 

FIG. 14a is a cross-sectional view of a portion of the shoe erf the apparatus of 
FIG. 14. 

FIG. 15 is a crossr^ectkshal view iti wtrating the rad 
15 FIG. 14. 

FIG. 16 is a cross-seciionai view illustrating the lowering of the expandable 
mpansion cone into the radiaDy expanded shoe of the apparatus of FIG. 15. 

FIG. 17 Is a cross^ecfiionai view illustrating the expansion of the expandable 
expansion cone of the apparatus of FIG. 16. 
20 FIG. 1 8 is a cross-secSonal view illustrating the injection of fluidic material into 

the radially expanded shoe of the apparatus of FIG. 17. 

FIG. 19 is a cross-sectional view illustrathg the completion of the racRal 
expansion of the expandable tubular meml^r of the apparatus of PIG. 18. 

FIG. 20 is a cross-sectional view illiistrating the removal of the bottom portion of 
25 theradiaiiyexpandedshoeoftheapparatusof FIG. 19. 

Detailed Description of the Illustrative Embodiments 
Referring tniUally to FIGS. 1 , 2, 2a, 2b, 2c 2d, 26, 3, 3a. 3b. 4. 4a, 4b. and 5- 
10, an embodiment of an apparatus and mettod for forming a rnono-diameter weilbore 
casing within a subtenranean formation will now be described. As illustrated in Fig. 1. a 
30 weilbore 100 is positioned in a subterranean fonnation 105. The weObore 100 Includes 
a pre-existing cased section 110 having a tubular casing 1 15 and an annular outer 
layer 120 of a fluidic seeing material such as, for example, cement The weilbore 100 
may be positioned In any orientation from vertical to horizontal, in several altemathra 
embodiments, the preexisting cased section 1 10 does not Include the annular outer 
35 Iayer120. 
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In order to extend the welRwe 100 Into the subtenranean formation 105, a drill 
string 125 is used in a well known manner to drill out material from the subtenanean 
fomnation 1 05 to form a new weHbore section 1 30. In a prefenred emtxxllment the 
inside diameter of the new wellt)ore section 1 30 is greater than the inside diameter of 
5 the preexisting vifellbore casing 115. 

As illustrated in FIGS. 2. 2a. 2b, 2c, 2d, and 2e. an apparatus 200 for fonning a 
wellbore casing in a subterranean fonmation is then positioned in the new section 130 
of the weUbore 100. The apparatus 200 preferably includes an expansion cone 205 
having a fluid passage 205a that supports a tubular member 21 0 that includes a lower 
10 portion 210a, mlntannediate portion 210b. an upper portion 210c. and 
portion 210d. 

The expansion cone 205 may be any number of conventional commerdaily 
availabie expansion cones. In several alternative embodimients, the expansion cone 
205 may be controllably expandabte in the radial direction, for example, as disclosed in 
15 U.S. patent nos. 5.348,095, and/or 6.01 2.523. the disclosures of which are 
incorporated herein by rrtisrence. 

The tubtdar rnember 21 0 nriay be fabricated from any nunriber of co^ 
commerdaily available materials such as, for example. Oilfield Country Tubular Goods 
(OCTG). 13 chnmhim siaei tubing/casing, or plastic tubing/casing. In a preferred 
20 embodiment, the tubt^r member 210 is fabricated from OCTG In mler to maximize 
strength after expansion. In several alternative embodimente, the tubular mmriber 210 
may be solM and/or slotted. For typical tubular member 210 matertets, the length (rf 
the tubuter member 210 b prsferably limited to between about 40 to 20.000 fedt h 
length. 

2S The lower portion 210a of the tubular member 210 preferably has a larger 

inside diameter than the upper portion 210c of the tubuter member, in a preferred 
embodiment the wall thldmess of the intenmedtete portion 21 Ob of the tubular member 
201 is less than the wall thidcness of the upper portion 210c of the tubuter member in 
order to fadiitete the initiation of the radtei expansion process, in a preferred 

30 embodiment, the upper end portion 210d of the tobuter member 21 0 is slotted. 

perforated, or othemvise nxxlifted to catch or slow down the expansion cone 205 when 
it completes the extniston of tubuter member 210. in a (deferred embodiment, wall 
thldcness of the upper end portion 210d of the tubular member 210 is gradually tepered 
in order to gradually reduce the reqidred radtei expansion forces during the latter 

35 stages of the radial expansion process. In this manner, shock loading conditions 
during me totter stages of the radial expanston process are at toast minimized. 
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A shoe 215 is coupled to the lower portion 210a of the tubular memfcier. The 
shoe 215 Includes an upper portion. 215a, an intermediate portion 215b, and lower 
portion 21 5c having a valveatrie fluid passage 220 that Is preferably adapted to receive 
a plug, dart, or ottier similar element for controllably sealing the fluid passage 220. In 
5 this manner, the fluid passage 220 may be optimally sealed off by Introducing a plug, 
dart and/or ball sealing elements into the fluid passage 220. 

The upper and lower portions, 215a and 215c of the shoe 215 are preferably 
substantially tubular, and the Intemnedtate portion 215b of the shoe Is prefmbly at 
least partially folded inwardly. Furthemfiore, in a pnafennBd embodiment, when the 

10 intenmediate portion 215bof the shoe 215 is unfolded by the application of fluid 

pressure to the Interior rsgion 230 of the shoe, the inside and outside diameters of the 
intemnediata portion are praferabty both greater than the inside and outside diameters 
of the upper and lower portions, 215a and 215& In this manner, the outer 
drcumferenoe of the intemiediate portion 215b of the shoe 215 is prsforably greater 

1 5 than the outside cbcumferances of the upper and lower portions, 215a and 21 5b, of the 
shoe. 

In a prefaned enibodirnent the shoe 21 5 further indud^ 
and side outlet ports in fMdicoomrnunication with the fluid passage 22^^ hthis 
manner, the shoe 215 opHmai^ injects hardenable fluidic sealing material into the 

20 region outside the shoe 215 and tubular member 210. 

In an alternative embodiment, the flow passage 220 is omitted. 
A support member 225 having fluid passages 225a and 22Sb is coupled to the 
expansion cone 205 for supporting the apparatus 200. The fluid passage 225a is 
preferably fluididy coupled to the flidd passage 205a. in this manner, fluidic materials 

25 may be conveyed to and from the region 230 below the expansion cone 205 and above 
the bottom of the shoe 215. The fluid passage 225b is preferably flutdidy coupled to 
the fluid passage 225a and includes a conventional Control valve. In thismanner, 
during placement of the apparatus 200 within the wellbore 100, surge pressures can be 
relieved by the fluid passage 225b. In a preferred embodiment, the support member 

30 225 further indudes one or nK>re conventional centraiizers (not illustrated) to help 
stabiiize the apparatus 200. 

During plaoement of the apparatus 200 within the wellbore 100, the fluid 
passage 225a is preferably selected to transport materials such as. for excmnple, drilling 
mud or formatlpn fluids at flow rates and pressures ranging from about 0 to 3,000 

35 gaUons/hninuto and 0 to 8,000 psl in order to minimize drag on the tubular member 
being run and to minimize surge pressures exerted on the wellbore 130 which could 
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cause a loss of weilbore fluids and lead to hole collapse. During placement of the 
apparatus 200 within the weilbore 100, the fluid passage 225b Is preferably selected to 
convey fluldic materials at flow rates and pressures ranging from about 0 to 3,000 
gallons/minute and 0 to 9.000 psi in order to reduce the drag on the apparatus 200 
5 during insertion into the new section 130 of the weliborB 100 and to minimize surge 
pressures on the new welft)ore section 130. 

A cup seal 235 is coupled to and supported by the support member 225. The 
cup seal 235 prevents fcveign materials from entering the Interior region of the tubular 
member 210 adjacent to the expansion cone 205. The cup seal 235 nrtay be any 

10 number of convenUpnai commercially available cup seals such as, for example, TP 
cups, or Selective Injectton Pad^er (SIP) cups modified in accordance with the 
teachings of the present disdosuTB. In a preferred embodiment, the cup seal 235 is a 
SIP cup seal. avaHabie from Halllburlon Energy Services in DaHas, TX in order to 
optimally block temign mafsrial and cmtaln a body of lubricant In several alternative 

15 embodiments, the cup seal 235 may include a plurality of cup seals. 

One or more sealing mernbers 240 are preferably coupled to and supported by 
the e)deriorsurfece of the upper end portbn 210d of the tubular nriember 210^ The 
sealing members 240 preferably provide an overlapping Joint between the lower end 
portim 115a of the casing 115 and the upper end portion 210d of the tubular member 

20 210. The sealing mernbers 240 may be ariynurnber of omy^ 

available seals such as, for example, lead, rubber. Teftonfor epoxy eeds modified in 
accordance with thQ teachings of the present disdosure. In a preferred embodiment, 
the sealing members 240 are molded from Stratalock epoxy a^ilable from Halliburton 
Energy Services in Dallas, TX in order to optimatly provide a load t>earing interference 

25 m between the upper end portion 210d of the tubular ntember 210 and ttie lower end 
portion 1 15a of the ex»tir^ casing 1 15. 

In a preferred embodiment, the sealing members 240 are selected to optimalty 
provide a sufficient frictional force to support the expanded tubular member 210 from 
the existing casing 115. In a prefened embodiment, the frictional force optimally 

30 provided by ttie sealing members 240 ranges fifom about 1.000 to 1,000,000 Ibf in 
order to optimally support thB expanded tubular menrriber 21 0. 

in an alternative embodment, Vhe sealing members 240 are omitted from ttie 
upper end portion 210d of the tubular member 210. md a load bearing metal-to^tal 
interference fit is provided between upper end portion of the tubular member and ttie 

35 lower end portion 1 15a of ttie existir^ casing 1 15 by plastically defbmning and radially 
expanding ttie tubular member into contact wftti ttie existing casing. 
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In a preferred embodiment, a quantity of lubricant 245 is provided in the annular 
region above the expansion cone 205 within the interior of the tubular member 210. in 
this manner, the extiuston of the tubular member 210 off of the expansion cone 205 is 
bcilKated. The lubricant 245 may be any number of comjpntional comnierdally 
5 available lubricants such as. for example, LubriplatJ^torine based lubricants, oil 
based lubricants or Climax 1500 Antlsleze (3100). In a preferred embodiment, the 
lubricant 245 Is aimax 1500 AnUsieze (3100) available from Climax Lubricants and 
Equlpmerrt Co. in Houston, TX in order to optimally provide oi^mum lubrication to 
fadlltate the expemsion process. 
10 In a preferred embodiment, the support member 225 Is thoroughly cleaned prior 

to assembly to the remaining portions of the apparatus 200. In INs manner, the 
introduction of (breign material into the apparatus 200 is minimized. This minimizes the 
p06slbl% of ffor^n material dogging the various flow passages and valves of the 
apparatus 200. 

15 In a prefenned embodiment before or aller positioning tto apparatus 200 w^^ 

the new section 130 of the weilbore 100. a couple of welibore volumes are diculated in 
order to ensure that no foreign materials are located within the wellbofe 1 00 that might 
dog upthevarioiB flow passages and valves of the apparatus 200 and to ensure that 
no foreign material 'mteriiBres with the expulsion process, 

20 As illustreted in FIGS. 2 and 2e, in a preferred embodiment, during placement 

of the apparatus 200 within the welibore 100. fluldic materials 250 within the welibore 
that are displaced by the apparatus are at least partially conveyed through the fluid 
passeges 220. 205a. 225a, and 225b. In this nnanner. surge pressures created by the 
placement of the apparatus within the welibore 1 00 are reduced. 

25 As illustrated In FIGS. 3, 3a. and 3b, the fluid passage 225b Is then dosed and 

a hardenable fiuidic sealing material 255 is then pumped from a surface location Into 
the fluid passages 225a and 205a. The material 255 then passes from the fluid 
passage 205a into the interior region 230 of the shoe 215 below the expansion cone 
205. The material^ then passes ftom the interior region 230 into the fluid passage 

30 220. The material 255 then exits the apparatus 200 and flHsari annular region 260 
between the exterior of the tubular member 21 0 and the Interior wall of the new sectfon 
130 of the welibore 100. Continued pumping of the material 255 causes the material to 
fill up at least a portion of the annular region 260, 

The material 255 is prefMatriy pumped into the annuter region 260 at pressures 

35 and flow rates ranging, tor example, from about 0 to 5000 psi and 0 to 1,500 

gallonsAnin. rsspedively. The optimum flow rate and operating pressures vary as a 
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function of the casing and wellbore sizes, wellbore section length, available puny>ing 
equipment, iand fluid properties of the fluidic material being pumped. The optimum flow 
rate and operating pressure are preferably detennined using conventional empirical 
methods. 

5 The hardenable fluidic sealing material 255 may be any number of conventional 

oommerdally available hardenable fluidic sealing materials such as, for example, slag 
mbc, cement, latex or epoxy. In a prefoned embodiment, the hardenable fluidic sealing 
material ^ Is a blended cement prepared spedflcally for the particular well section 
being drilled from Halliburton Energy Services in Dallas, TX In order to provide optimal 
10 support for tubular member 210 while also maintaining optimum flow characteristics so 
as to minimize difflcuities during the displacement of cement In the annular region 260. 
The optimum blend of the blended cement is preferably determined using conventional 
empirical methods. In seviaral alternative embodiments, the hardenable fluidic sealing 
material 255 Is compresisible before, during, or after curing. 

15 The annular regton 260 preferably is filled with the material 255 in suflhSent 

quanfiUes to ensure that, upon radial expansion of the tubular member 210. the annular 
region 260 of the new section 130 of the wellbore 100 will be fUled with the material 
255. 

In an alternative embodiment, the irijection of the material 255 into the annular 

20 region 260 Is ornitted. or Is provided after the radial expansion of the tubular member 
210. 

As Illustrated In FIGS. 4. 4a, and 4b, once the annular region 260 has been 
adequately filled with the niaterial 255, a plug 265, or other similar device. Is introduced 
Into the fluid passage 220. thereby fluldldy isolating the interior region 230 from the 

25 annular region 260. In a prefenBd embodiment, a non-hardenable fluWIc material 270 
is then pumped Into the interior region 230 causing the Interior region to pressurize. In 
Ihls manner, the Interior region 230 of the expanded tubular m«nber 210 vAW not 
contain significant amounts of the cured material 255. This also reduces and simplifies 
the cost of the entire process. Alternatively, the nraterial 255 may be used during this 

30 phase of the process. 

As illustratad In FIG. 5, in a preferred embodiment, the continued Injection of 
the fluidic material 270 pressurizes the region 230 and unfolds the Intermediate portion 
215b ofthe shoe 215. In a prefened embodiment, the outside diameter of the unlblded 
hitermediata portion 21Sb of the shoe 215 Is greater than the outside diameter of the 

35 upper and lower portlona. 215a and 215b. of the shoe. In a prefbned embodiment, the 
inside and outside diameters of the unfolded intermediate portion 21 5b of the shoe 215 
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are greater than the inside and outside diameters, respectively, of the upper arKi lower 
portions, 215a and 21 5b, of the shoe. In a preferred emtxxllment the Inside diameter 
of the unfbUed intennediate portion 215b of the shoe 21 5 is substantially equal to or 
greater than the inside diameter of the preexistirQ casing 1 15 in order to optimally 
5 fecilitate the fonmation of a rnono-diameter wellbore casing. 

As illustrated in FIG. 6. in a preferred embodbrmnt, the expansion cone 205 is 
then lowered Into the unfolded intermediate portion 215b of the shoe 215. In a 
preferred enribodiment. the expansion cone 205 is lowered into the unfolded 
intermediate portion 215b of the shoe 215 until the bottom of the expansion cone is 
10 proximate the lovyer portion 215c of the shoe 215. in a preferred embodinrtent, during 
the lowering of the expansion cone 205 into the unfolded intemnediate portion 215b of 
the shoe 21 5» the material 255 within the annular region 260 and/or the bottom of the 
wellbore section 130 maintains the shoe 215 in a substantially stationary posiUon. 

As illustrated in FIG. 7, in a preferred embodlrnent the outside diameter of the 
15 expansion cone 205 te then increased. In a preferred embodiment, the outeide 
diameter of the expansion oone 205 te increased as disclosed in U.S. patmt nos. 
5.348.095, and/or 6,012.523. the disclosures of which m incorporate herein by 
rtferenoe. in a preferred embodiment the oubide diameter of the radially expanded 
expanston cone 205 is substantially equal to the inside dtemeier of the preexisting 
20 wellbore casing 115. 

In an altemative embodiment, the expansion oone 205 is not lowered into the 
radially expanded portion of the shoe 215 prior to being radially expanded. In this 
manner, the upper portion 21 Oc of the shoe 21 0 may be radially expanded by the radtel 
expansion of the expansion cone 205. 

25 In another alteniativeernbodiment, the expansion oone 205 is not radtel^ . 

expanded. 

As illustrated In FIG. 8. In a preferred enibodlment, a fluidic matertel 275 then 
{rejected Into the region 230 through the fluid passages 225a and 205a. In a preferred 
embodment, onoe the interior region 230 becomes sufiidentty pressurized, the upper 

30 portion 215a of the shoe 215 and the tubular nrmnber 210 are preferably plastically 
defermed, radtelly expanded, and extruded off of ttie expansion cone 205. 
Furttwmore. in a preferred enribodiment during the end of ttie radtal expansion 
process, ttie upper portion 21 Od of ttie tut>utar member and ttie lower portion of ttie 
preexisting casing 115 that overiap with one anottier are simulteneously ptasttcally 

35 deformed and radially expanded. Iri this manner, a mono-diameler wellbore cesing 
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may be formed that included the preexisting wellbore casing 1 15 and the radially 
mpanded tubular member 21 0. 

During the extrusion process, the expansion cone 205 may be raised out of the 
expanded portion of the tubular member 210« In a prsfeired enrtbodlment. during the 
5 extrusion process, the expansion cone 205 is raised at approximately the same rate as 
the tubular member 210 is expanded ih order to Iceep the tubular member 210 
stationary relative to the new wellbore section 130. In this manner, an overlapping Joint 
between the radially expanded tubular member 210 and the lower portion of the 
preexisting casing 1 15 may be optimally fbmied. In an alternative preferred 

10 embodiment the expansion oone 205 is maintained in a stationary position during the 
extrusion process thereby allowing the tubular member 210 to extrude off of the 
expansion cone 205 and Into the new wellbore section 130 under the force of gravity 
and the operating pressure of the Interior region 230. 

In a preferred embodinrtent, when the upper end portion 210d of the tubular 

15 member 210 and the lower portion of the preexisting casing 115 ttet overlap with one 
another are plastically defbmied and radially expanded by the expansion cone 205» the 
expansion oone 205 is displaced out of the wellbors 100 by berth the operating 
pressure within the rsgion 230 and a upwardly dirsded axial force applied to the 
tubular support member 225* 

20 Tto overlapping Jdnt between the lower portion of the prsexista'^ 

and the radially expanded tubular member 210 prsferably provides a gaseous and 
fhiidic seal. In a particularly prefbned embodiment, the seaDng members 245 optimally 
provide a fhjidic and gaseous seal in the overlapping JoinL In an altemative 
embodiment, the sealing members 245 are omitted. 

25 In a prafienred embodiment, the operating pressurs and flow rate of the fluldlc 

material 275 is bontrollabiy ramped down when the expansion cone 205 reaches the 
upper end portion 210d of the tubular member 210. In this manner, the sudden release 
of pressure caused by the complete extrusion of the tubular member 210 off of the 
expansion cone 205 can be minimized. In a prefened embodiment, the operating . 

30 pressure is reduced fti a substantially linear ftehion from 100% to about 10% during 
the end of the extmslon process beginning when the expmsion cone 205 is within 
about 5 feet from completion of the extrusion process. 

Altemath^ly, or in combination, the wall thidcness of the upper end portion 
210d of the tubular member is tapersd in ord^ to gradually reduce the required 

35 operating pressure for plastically deforming and radially expanding the upper end 
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portion of the tubular nrnvbBV. In this manner, shock loading of the apparatus is at 
least reduced. 

Alternatively, w in cornbination, a shock at»ort)er is provided In ^ 
member 225 In order to absorb the shock caused tiy the sudden release of pressure. 
5 The shock absort>6r may oornprise. for exarnple. any conventtonaloomn^ 

available shock absort>er, bumper sub, or Jars adapted for use in weilbore operattons. 

Attematively, or In combination, an expansk)n cone catching structure is 
provided in the upper end portk)n 210d of the tubular mmtoer 210 bi order to catch or 
at least decelerate the expanskxi cone 205. 
10 In a preferred embodiment, the apparatus 200 is adapted to minimize tensile, 

burst, and friction effects upon the tubular member 210 during the expansion process. 
These effects will be depend upon the geometry of the expansion cone 205, the 
material composition of the tubular member 210 and expansion cone 205, the inner 
diametiM* of the tubular member 21 0, the wall thkdmess of the tubular member 210, the 
15 type of lubricant, and the yield strer^ of the tubular member 210. In general, the 
thicker the wall thickness, the smaOer the inner dlamet^, and the greater the yield 
strength of the tubular member 210, then the greater the operating pressures required 
to extmde the tubular menrtf)er 210 off of the expansion cone 205. 

For typical tufcHJiar members 210, the extruskm of the tubular member 210 off of 
20 the expanston cone 205 will begin when the pressure of the interior ragbn 230 
reaches, for example, approximately 500 to g.OOO psi. 

During the extrusion process, the expansbn cone 205 may be raised out of the 
expanded portkm of the tubular member 210 at rates ranging, for mnr4>le, from about 
0to5fl/sea In a preferred embodinrient, during the extruskin process, the expanston 
25 cone 205 is raised out of the expanded portion of the tubular member 210 at rates 

ranging from about 0 to 2 ff/sec in order to minimize the time required for the expansion 
process while also permitting easy control of the expansion process. 

As Oiustrated in FIG. 9, once the extruston process is completed, the expanston 
cone 205 is removed finom tfie weilbore 100. In a preferred embodiment, either before 
30 or after the removal of the expanston cone 205, ttie integrity of the fiuklic seal of the 
overlapping Joint between the upper end portton 21 Od of the tubular member 210 and 
the loiwer end portion 1 15a of the preexisting weilbore casing 115 b tested using 
conventtonal methods. 

In a preferred embodiment, if the flukiic seal of ttie overiappkig ioint between 
35 the upper end portton 210d of the tubular menriber 210 and the toM 

of the casing 1 1 5 Is saUsfadory , then any uncured portton of the material 255 with In the 
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expanded tubular member 210 is then removed in a conventional manner such as. for 
example, circulating the uncured material out of the Interior of the expanded tubular 
member 210. The expansion cone 205 is then pulled out of the wellbofB section 130 
and a drID bit or mill Is used in con^inatlon vvith a conventional drilling assembly to drill 
out any hardened material 255 within the tubular member 21 0. In a prefened 
embodiment, the material 2S5 within the annular region 260 is then allowed to fully 
cure. 

As Wustrated In FIG. 10, the bottom portion 215c of the shoe 215 may then be 
removed by drilling out the bottom portion of the shoe using conventional drilling 
methods. The wellbore 100 may then be extended in a conventional manner using a 
conventional dming assembly. In a prefisned embodiment, the inside diameter of the 
extended portion of the wellbore 100 is gnatar. than the faisMe diameter of the radially 
expanded shoe 215. 

As illustrated in FIG. 11. the method of FIGS. 1-10 be repeatedly 
perfmned b) order to provide a mono^iiametsrwelibors casing that includes 
overlapping wellbore (casings 115 and 210a-210e. The wellbore casing 1 15. and 2t0a- 
210epreliMably include outer annular tayereoffluidic sealing material. AHematively. 
the outer annular layers of fiuldic sealing material may be omUsd. In this manner, a 
mono-diameter wellbore casing may be (bnned wMhln the subterranean (bnnatlon that 
extends for tens of thousands of feet More generally stfll. the teachings of FIGS. 1-1 1 
may be used to form a mono-diameter wellbore ca^g. a pipeline, a structural support, 
or a tunnel within a suirtenanean fonnation at any orientation from the vertical to the 
horizontal. 

In a preferred embodiment, the fonnation of a mono-diameter wellbore casing, 
as illustrated In FIGS. 1-11, is further provided as disclosed In one or more of the 
fbliowing: (1 ) U.S. patent application serial no. 08/454,139. attorney docket no. 
25791.03.02, filed on 12/3/1999, (2) U.S. patent application serial no. 09/510,913. 
attorney docket no. 25791 .7.02, filed on 2/23C000, (3) U.S. patent application serial 
na 09/502.350. attorney docket no. 25791.8.02. filed on 2/10«000. (4) U;S. patent 
appHcaiton serial no. 09/440.338. atlomey docket no. 25791.9.02. filed on 1 1/15/1999. 
(5) U.S. patent apptkatkm serial no. 09/523^, atlomey docket no. 25791 .11 .02. fBed 
on 3/10(2000. (6) U.S. patent appllcatton serial no. 09/512,896, atlomey docket no. 
25791.12.02, filed on 2/24/2000. (7) U.S. patent appHcaHon serial no. 09/511.941. 
atlomey docket no. 25791.16.02. filed on 2/24/2000. (8) U.S. patent application serial 
no. 09/588,946. attorney docket no. 25791.17.02. fltod on 6/7/2000. (9) U.S. patent 
appOcatton serial no. 09/589.122. attorney docket no. 25791 .23.02, filed on 4/26/2000, 
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(10) PCT patent application serial no. PCTAJS0(yi8635. attorney dodc^ no. 
25791 .25.02. filed on 7/9^000, (1 1 ) U.S. provisional patent application serial no. 
60/162,671, attorney docket no. 25791.27, filed on 11/1/1999. (12) U.S. provisional 
patent application serial no. 60/1 54,047, attorney docket no. 25791 .29, filed on 
9/16/1999. (13) U.S. provisional patent applteatfon serial no. 60/159,082, attorney 
docket no. 25791.34. filed on 10/12/1999, (14) U.S. provistonal patent appllcatkm serial 
no. 60/159.039. attorney dock^ no. 25791.36. filed on 10/12/1999. (15) U.S. 
provisional patent applteatnn serial no. 60/159,033. attorney docket no. 25791 .37. filed 
on 10/12/1999. (16) U.S. provisionai patent appltoation serial no. 60/212.359. attorney 
(tocket no. 25791.38, filed on 6/19/2000. (17) U.S. proviskmal patent appllcatton serial 
no. 6Q/16S.22B. attorney docket no. 25791.39, filed on 1 1/12/1999. (18) U.S. 
pravlstonal patent applicatkxi serial na 60/221 ,443, attorn^ docket no. 25791 .45, filed 
on 7/28/2000. (19) U.S. pravisk)nal patent appBcaUon serial na 60^1 ,645. attorney 
docket no. 25781.46. filed on 7/28/2000. (20) U.S. provistonai patent appllcatton serial 
no. 60/233,638. attorney docket no. 25791.47. filed on 9/18/2000. (21) U.S. provisional 
patant appDcatton serial na 60/237,334. attorney docket no. 25791.48. filed on 
10/2/2000. and (22) U.S. provlstonal patent applcatkm serial na 60/262.434. attorney 
docket na ^91.51. fOed on 1/17/2001. ttie (fiscknures of wMch are iRoorporated 
herein tiy relBrenoe. 

Referring to FIQS. 12, 12a. 12b, 12c. and 12d. in an aMemativa emtxxiiment. an 
apparatus 300 for fbnning a rndrKKiiarneter welilxire casing is positkmed witMi the 
vyent)ore casing 115 that is substantiaiiy klentical in des^n and operatkm to the 
apparatus 200 except that a shoe 305 is sul>stitulBd for the shoe 215. 

In a preferred embodiment, the shoe 305 includes an upper portion 305a, an 
intermedin portton 305b. and a tower portton 305c having a valveable fluid passage 
310 that te preferably adapt«i to receive a plug. dart, or other similar element for 
tDontrotlably sealing the fkikl passage 310. in this manner, the fiukl passage 310 may 
be opt'ntaily sealed off by introducing a plug, dart and/or ball sealing elenrants Into the 
fluM passage 310. 

The i^>per and tower porttons. 305a and 305c. of the shoe 305 are preferably 
substantlaBy tubular, and the intwnwdiate porfion 305b of the shoe mchides 
comigatlons 305ba-305bh. Furthentnre. in a prsfiBned embodiment, when the 
Intarmedlata portton 305b of the shoe 305 b radially expanded by the applicatton of 
fluid pressura to the interior 315 of the shoe 305. the inskie and outsMe diameters of 
the radially expanded inlennediate portton are prsfsrabty both greater than the inside 
and outskle diameters of the iqiper and tower porttons. 305a and 305a In this manner. 
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the outer circumference of the intermediate portion 305b of the shoe 305 is preferably 

greater than the outer dfcumferences of the upper aiKJ lower portloiw. 3(^ 
of the shoe. 

In a preferred embodlnwnt. the shoe 305 further Includes oi>e or rnore through 
and side outlet ports In fluldic communication with the fluid passage 310. In this 
manner, the shoe 305 optimally Injects hardenable fluldlc sealing material into the 
region outside the shoe 305 and tubular member 210. 

In an alternative embodiment, the flow passage 31 0 is omitted. 

In a preferrsd embodiment, as Illustrated in FIGS. 12 and 12d, during 
ptacement of the apparatus 300 within the welibore 100. fluidic materials 250 within the 
vnSbon that are displaced by the apparatus are conveyed through the fluid passages 
3t0, 205a, 22Sa, and 225b. bi this manner, surge pressures created by the placement 
of the apparatus within Ihe welibore 100 are reduced. 

In a prefiBfred emtxxllment. as iVustFaled in FIG. 13 and 13a, the fluid passage 
225b Is then dosed and a hardenable fluldic seaHng nMteilal 255 is then purnped from 
a surface locallon Wo the fluid passages 225a and 205a. The rnateilal 255 then 
passes fifom the fluid passage 205a mio the Interior region 315 of the shoe 305 below 

the expansion cone 205. The matwial 255 then passes fhjm the Interior legion 315 
into the fluid passage 310. The material 255 then exKs the apparatus 300 and fills the 
annular region 260 between the exterior of the tubular member 210 and the interior wall 
ofthenewsection130ofthewenbore100. Continued pumping of tfie material 255 
causes the material to fill up at least a portion of the annular region 260. 

The material 255 Is preferably pumped Into the annular region 260 at pressures 
and fiow rates ranging, for example, from about 0 to 5000 psi and 0 to 1,500 
gallons/Wn. rsspectiveiy. The optimurh flow rate and operating pressures vary as a 
function of the casing and welibore sizes, welibore section tength, availabte pumping 
equipment, and fluid properties of the fluidic material being pumped. The optimum flow 
rate and operating pressure are prsferably detennlned using conventional empirical 
methods. 

The hardenable fhiidic sealing material 255 may be any number of conventional 
commercfally avaHaUe hardenable fluidic sealing materials such as. for example, slag 
mix, cement, latex or epoxy. in a preliBned embodiment the hardenabte fluidic sealing 
material 255 is a blended cement prepared spedflcally for the particutar weH section 
being drilled from Halliburion Energy Sendees in Oalias, TX In order to provide optimal 
support for tubular member 210 white also mainteining optimum flow characteristics so 
as to mWrnizB difliculfles during ttw displacenient of cement In the annular region 280. 
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The optimum blend of the blended cement is preferably detenmined using conventional 

enjpirical methods. In several alternative embodiments, the hardenaUe fluidte sealing 

material 255 is oompresslble before, during, or after curing. 

The annular region 260 preferably is filled with the material 255 in sufficient 

quantities to ensine tlwt, upon radial expansion of the tubular member 210. the annular 

region 260 of the new section 130 of the vvelibore 100 will be filled with the rn^ 
255. 

In an alternative entt)odiment the injection of the rnaterfal 255 into the annular 
rec^ 260 Is omitted. 

As llliBtrated in FIGa 14 and 14a, once the annular region 260 has been 
adequately fRIed with the materral 255, a plug 265. or other similar de\nce. Is introduced 
Into the fluid passage 310. thereby fluWIdy isolating the Interior region 315 from the 
annular regton 260. In a prefaned embodiment, a non-hardenable fluidic material 270 
is then pumped bito th^ ihtailor region 315 causing the interior region to prisssurize. In 
this manner, the Interior region 315 will not contain signifleant amounte of the cured 
material 255. This also reduces and simpilfles the cost of the entire process. 
Alternatively, the material 255 may be used during this phase of the process. 

As niusbated In FIG. 15^ In a preliBned embodiment, the continued injection of 
the fluidic material 270 pressurizes the region 315 and unfolds the comigations 305ba- 
305bh of the intennediato portion 305b of the Shoe 305. In a preferred embodiment, 
the outside diameter of the unfolded Intmmadiate portion 305b of the shoe 305 is 
greater than the outside diameter of the upper and lower portions. 30Sa and 305b, of 
the shoe. In a preferred embodimeiit, the inside and outeide diameters Of the unfolded 
intermediate portion 305b of the shoe 305 are greater than the-inside and outside 
diarrieters, rsspecSvely. of the upper and lower portions. 305a and 305b. of the shoe, 
in a preferred embodiment, the inside diameter of the unfdded Intermediate portion 
305b of the shoe 305 is substantially equal to or greater than the Inside diameter of the 
preexisting casing 305 In order toopibnize the ffonnation of a mono-diameter weiibore 
casing. 

As illustrated In FIG. 16. in a preferred embodlntent, the expansion cone 205 is 
then lowered into the unfolded Intemiedtete portion 305b of the shoe 305. In a 
prefened ernbodlment, the expansion corie 205 is lowered bite the unfolded 
intennediate portion 30Sb of the shoe 305 until the bottom of the expanston cone Is 
proKinrate the lower portion 305c of the shoe 306. In a preferred embodiment, (b^ 
the lowertig of the expansion cone 205 Into the unfolded Intermediate portion 305b of 
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the shoe 305, ttie material 255 within the annular region 260 maintains the shoe 305 in 
a sui>stantially stationary position. 

As illustrated in FIG. 17, in a preferred en^odiment the outside diameter of the 
expansion cone 205 is then increased. In a pr^erred emlxjdiment. the outside 
diameter of the expansion cone 205 is increased as disclosed in U.S. patent nos. 
5.348,095, and/or 6.01 2,523, the disclosures of which are Incorporate herein by 
reference. In a prefsfred embodiment, the outside diameter erf the radially expanded 
expansion cone 205 is substantiaiiy equal to the inside diameter of the preexisting 
weilbcrB casing 115. 

In an altemative entf)odiment, the expansion oone 205 is not lowered Into the 
radially expanded portion of the shoe 305 priw to being radially expanded. In this 
marmer. the i4)per portion 30Sc of the shoe 305 may be radially expanded by the radial 
expansion of the expansion oone 205. 

In another altemative ernbodiment. ihe expansion oone 205 is not radially 
expanded. 

As iUustrated In FIG. 18. in a preferred embodiment, a fliddlc material 275 is 
then injected into the region 315 through the fluid passages 225a and 205a. in a 

pieiiarred enibodinient, once the interior region 315 beoonws suRldently pressivized. 
the upper portion 305a of the shoe 305 and the tubular member 210 are preferably 
ptastically delbmied. radially exparided, and exbuded off of the expansion cone 205. 
Furthermore, In a prefwred embodiment, during the (Mid of the radial e)^slon. 
process, the upper portkm 21 Od (rf the tubular member and the lower portion of the 
preexisting casing 1 15 that overlap with one another are simuKaneousiy plastically 
defbmied and radially expanded. In this manner, a monoKllameter weilbore casing 
may be formed that includes the preexisting weilbore casing 1 15 and the radially 
expanded tubular member 210. 

During the extmsion process, the expansion cone 205 may be raised out of the 
expanded portion of the tubular member 210. in a prefaned embodiment, during the 
extruskm process, the expansion cone 205 is raised at approximately the same rale as 
the tubular member 210 is expanded in order to iteep the tubular member 210 
stationary reiathfe to the new weilbore section 130. in this manner, an oyertapping Joint 
between the radially expanded tubuier member 210 and the lower portion of the 
preexisting casing 115 may be opttmaliy fonrod. in an alternative prefsrred 
embodiment, the expansion cone 205 is maintained in a stationary position during the 
extneion process thereby allowing the tubuier member 210 to extoide offof the 
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expansion cone 205 and into the new wellbore sectfon 130 under the force of gravity 
and the operating pressure (rf the interior region 230. 

In a preferred embodiment when the upper end portion 210d of the tubular 
member 210 and the lower portion of the preexisting casing 1 1 5 that overlap with one 
5 another are plastically deformed and radially expanded by the expansion cone 205. the 
expansion cone 205 Is displaced out erf the wellbore 100 by both the operating 
pressure within the region 230 and a upwardly directed axial force applied to the 
tubular support member 225. 

The overlapping Joint between the lower portion of the preexisting casing 115 
10 and the radially expanded tubular member 210 preferably provides a gaseous and 
fluidic seal, in a particulariy prefened embodiment the sealing menit>ere 245 optimdiy 
provide a fluldic and gaseous seal in the overlapping joint In an alternative 
enribodiment, the sealing members 245 are omitted. 

In a pretened embodiment, the operating pressure and flow rate oT the fluidic 
1 5 material 275 is controllably ramped down when the expansion cone 205 reaches the 
upper end portion 210d of the tubular memtier 210. in this manner, the sudden retease 
of pressiTO caused by the complete extrusion of the tubular m 
expansion cone 205 can be minimized, in a prafenred embodinnent. the operating 
pressure is redwed in a substantially Dnear fashion from 100% to at)out 10% during 
20 the end of the extrusion process begfrinbig when the expansion cone 205 is within 
about 5 feet fhxn completion of the extrusion process. 

Alternatively, or in combination, the wall thldcness of the upper end portion 
210d of the tubular member is tapered in order to gradually reduce the required 
operating pressure for plastically defomning and radially expanding the upper end 
25 portion of the tubular member. In this manner, shodc loading of the apparatus may be 
at least partially minimized. 

Alternatively, or in combination, a shock absort)er Is provided in the support 
member 225 in order to absorb the shodc caused by the sudden release of pressure. 
The shock absorber may comprise, for example, any conventional commerdaBy 
30 available shock absorber adapted (br use in weltt>oreoperatk) 

Altemath^eiy, or In oomblnalton. an expanston cone catching structure Is 
provided in the upper end portion 21 Od of the tubular memt)er 21 0 In order to catch or 
at toast decelerate the expanston cone 205. 

In a preferred embodiment, the apparatus 200 is adapted to minimize tensito. 
35 burst, and friction effects upon the tubidar member 210 during the expanskxi process. 
These effects will be depend upon the geometry of the expanskni cone 205. the 
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material oompositfon of the tubular member 210 and expansion cone 205, the inner 
diameter of the tutiular member 210. the wail thickness of the tubular member 210, the 
type of lubricant and the yield strength of the tubular member 210. In general, the 
tNcker the wall thid^ness, the smaller the inner dianrfeter. and the greater the yield 
5 strength of the tubular member 210, then the greater the operating pressures required 
to extrude the tubular member 210 off of the expansion cone 205. 

For typical tubular membere 210, the extmsion of the tubular member 210 off of 
the expansion cone 205 will begin when the pressure of the interior region 230 
reaches, for example, approximately 500 to 9,000 psi. 

10 During the extrmion process, the expansion cone 205 may be raised out of the 

expanded portion of the tubular member 210 at rates ranging, for example, from about 
0 to 5 fl/sea In a prefened embodiment, during the extrusion piooess, the expansion 
oone 205 is raised out of the expanded portion of the tubular member 210 at rates 
ranging from about 0 to 2 Wsec in order to minimize the time reqiAred for the expansion 

15 process while also permitflng easy control of the expand process. 

As iilustratad In FiG. 19, onoe the extrusion process is completed, the 
expansion cone 205 Is removed from the wellbore 100. In a preferred embodiment, 
either befbre or after the removal of the expansion cone 205, the integrity of the fliddlc 
seal Gf the overlapping ^t between the upper end portion 21 Od of the tubuta^ 

20 210 and the lower end portion 115a of the preexisting wellbore casing 115 is tested 
using oonventional methods. 

In a preferred embodiment, if the fluidic seal of the overiapping Joint between 
the upper end portion 210d of the tubular menrd>er 210 and the lower end portion 1 15a 
of the casing 1 1 5 is satisfactory, then any uncured portion of the material 255 within the 

25 expanded tubular member 210 is then removed in a conventional manner such as, for 
example, circulating the uncured material out of the interior of the expanded tubular 
member 210. The expansion cone 205 Is then pulted out of the wellbore section 130 
and a drill bit or mill is used in combination with a conventional drilling assembly to drill 
out any hardened nriaterial 255 within the tubular member 210. In a prefened 

30 embodiment, the material 255 within the annular region 260 is then allowed to fully 
cure. 

As Illustrated in FiG. 20, the bottom portion 3b5c of the shoe 305 may then be 
removed by drilling out the bottom portion of the shoe using conventional drilling 
methods. The wellbore 100 may then be extended In e oonventionel manner using a 
35 conventional drilBng assembly. In a preferred embodiment, the inside diameter of the 
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extended portion of the wellbore greater than the inside diameter 
expanded shoe 305. 

The method of FIGS. 12-20 may be repeatedly perfomied In order to provide a 
monoKjianteter w^nbore casing that indudes overlapping weilbore casings. The 
5 overlapping wellbore casing preferably include outer annular layers of fluWic sealing 
material. Aftematlveiy, the outer annular layers of fluidic sealing material may be 
omitled. Inthisrnanner.amonckiianwtervveliborecasingmaybefbnnedvi/ithlnthe 
8id>terranean formation that extends for tens of thousands of feet More generally still, 
the teachings of FIGS. 1 2-20 may be used to form a monfrdlameter wellbore casing, a 

10 pipeline, a sinictural support, or a tunnel within a subtenanean fbnmatlon at any 
orientation from the vertical to the horizontal. 

In a prefened embodiment, the fionnation of a mono-diameter wdlbore casing, 
as illustratBd in HQS. 12-20. is further provided as disclosed In one or more of the 
fbnowing: (1) U.S. pateht application serial no. 09/454.139. atbmey dodwt no. 

15 25791.03.02, filed on 12/3/1999. (2) U.S. patent application serial na 09/510.913. 
attorney dodcet no. 25791 .7.02, filed on 2/23/2000. (3) U.S. patent application serial 
na 09/502,350, attorney dodcet no. 25791.8.02. filed on 2/10/2000. (4) U.S. patent 
application serial no. 09/440.338, altbnray docket no. 25791 A02. fited on 11/15/1999. 
(5) U.S. patent application serial no. 09/523.460, attomey docket no. 25791.11.02. filed 

20 on 3/10/2000, (6) U.S. patent appllcatton serial no. 09/512,895. attomey docket no. 
25791.12.02, filed on 2/24/2000, (7) U.S. patent appik^atton sertal no. 09^11.941. 
attomey docket no. 25791.16.02, fited on 2/24/2000. (8) U.S. patent appHcatkm serial 
no. 09/588,946, attomey docket no. 25791.17.02. fited on 6/7/2000, (9) U.S. patent 
appHcatten serial no. 09/559,122, attomey docket no. 25791 .23.02. filed on 4/26/2000. 

25 (10) PCX patent applicatton serial no. PCT/USOO/18635, attomey docket no. 
25791.25.02, filed on 7/9/2000. (11) U.S. proviistonal patent applteaation serial no. 
60/162,671 , attomey docket no. 25791 .27, fited on 1 1/1/1999. (12) U.S. provlskMial 
patent application serial no. 60/154.047. attomey docket na 25791 .29. filed on 
9/16/1999. (13) U.S. provtetonal patent appBcafion serial na 60/159,082, attpmey 

30 dodcet na 25791.34, fited on 10/12/1999, (14) U.S. provlstonal patent applteatton serial 
na 60/159.039. attorney docket no. 25791.36. fited on 10/12/1909. (15) U.S. 
prevlsional patent appDcatton serial no. 60/159,033. attomey dodwt na 25791 .37. fited 
on 10/12/1999. (16) U.S. provtetonal patent appOcatton serial no. 60/212.359. attomey 
docket no. 25791.38. fited on 6/16/2000. (17) U.S. proviskmal patent appncalton serial 

35 no. 60/165.228. attomey docket na 25791 .319, fited on 1 1/1:^1 909. (1 8) U.S. 

provisional patent appDcation serial no. 60/221 .443. attomey docket no. 25791.45. filed 
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on 7/28/2000, (19) U.S. provisional patent application serial no. 60/221.645, attorney 
docket no. 25791.46, fled on 7/28/2000, (20) U.S. provisional patent application serial 
no. 60/233,638, attorney docket no. 25791.47. filed on 9/18/2000, (21) U.S. provisional 
patent application serial.no. 80/237,334, attorney docket no. 25791 ,48, filed on 
10/2/2000. and (22) U.S. rmvistonal patent application serial no. 60/262,434, attorney 
docket no. 25791.51. filed on 1/17/2001, the disctosures of wlilch are incorporated 
herein by reference. 

In several alternative emtxKliments, the apparatus 200 and 300 are used to 
form and/or repair welltx>re casings, pipelines, and/or stnjctural su^^orts. 

In several alternative emtxxjlments, the foMed geometries of the shoK 215 and 
305 are provided In accordance with the teachings of U.S. Patent Nos. 5,425,559 
and/or 5,794,702. the disck)sures of whteh are incorporated herein by reference. 

An apparatus for fomnlng a wellt)ore casing in a borehole kxsated in a 
subtenanean formation including a preexisttng weiibore casing has been described that 
includes a support member including a first fluU passage, an expansbn cone oouplM 
to the support member including a second fluM passage fluldidy coupled to the firet 
fluM passage, an expandable tubular Bner movably coupled to the expansion cone, and 
an expandable shoe coupled to the expandable tubular Uner. Inapreferfed 
embodiment, the expansion cone is expandable, in a prsfened embodiment, the 
expandable shoe includes a valveable fluM passage for oontroDIng the flow of fluMic 
materials out of the expandable shoe. In a prsfened embodiment, the expandable 
shoe indudes: an expandable portion and a remaining portton. ¥^ 
drcumference of the expandable portk)n is greater than the outer drcumferenoe of the 
remaining portion. In a preferred embodiment the expandable portion Includes: one or 
more Inward folds. In a prefened embodiment, the expandable portton Includes: one or 
more oonugattons. In a prefened embodiment, the expandable shoe Includes: one or 
more inward foMs. in a prefenred embodiment, the expandable shoe includes: one or 
more corrugations. 

A shoe has also been described that includes an upper annular portion, an 
intermediate annular portion. arKi a tower annular portion, wherein the intemnediate 
annular portion has an outer drcumferenoe that is larger than the outer drcumferences 
of the upper and lower annular portions. In a prefoned embodiment, the lower annular 
portion indudes a vahfeable fluid passage fior oonbroHIng the flow of fluldic materlate out 
of the shoe, in a prefened embodiment, the bitemnedlate portion indudes one or more 
inward folds. In a prefened embodiment, the intennediata portion indudes one or more 
corrugations. 
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A method of forming a wellbore casing in a subterranean formation having a 
preexisting wellbore casing positioned in a borehole has also been described that 
includes installing a tubular llrier, an expansion cone, and a shoe in the borehole, 
radially expanding at least a portion of the shoe by injecting a fluldic material Into the 
shoe, and radially expanding at least a portion of the tubular ilner by injecting a fluldic 
material Into the borehole below the expansion cone. In a preferred embodiment, the 
method further includes radiaily expanding the expansion cone. In a preferred 
embodiment, the method further includes loweiring the expansion cone into the radially 
expanded portion of the shoe, and radially expanding the expansion cone. In a 
pr^rred embodiment, the m^od further includes radially expanding at least a portion 
of the shoe ata the tubular liner by Injecting a fluidic material into the borehole below 
the radiaily expanded expansion cone. In a preferred embodiment, the method further 
Includes injecting a hardenabie fluidic sealing material into an annulus between the 
tubulffl- yner and the tH>rehole; In a preferred embodiment, the method further includes 
radially expanding at least a portion of the preexisting wellbore casing. In a preferred 
embodiment, the method further includes overlapping a portion of the radially 
expanded tubular liner with a portion of the preexisting wellbore casing. In a prefened 
embodiment, the inside diameter of the radially expanded tubular liner is substantially 
equal to the inside dianwtor of a rwnovertepping portion of the pr^ 
casing. In a preferred embodiment, the method further includes swiyingan axial force 
to the expansion cone. In a prefenned embodiment, the inside diameter of the radially 
expanded shoe is greater than or equal to the inside diameter of the radially expanded 
tubular liner. 

An apparatus for forming a wellbore casing in a subterranean formation having 
a preexisting wellbore casing positioned in a borehole has also been described that 
includes means for InsteDing a tubular liner, an expansion cone, and a shoe in the 
borehole, means for radially expanding at least a portion of the shoe, and means for 
radially expanding at least a portion of the tubular liner. In a preferred embodiment, the 
apparatus further Includes means for radially expanding the expansion cone. In a 
preferred embocfiment, the apparatus further Includes means for lowermg the 
expansion oone Into the radlaHy expanded portion of ttie shoe, and mesms for radially 
expanding the expanston cone. In a preferred embochnent, the appareitus further 
includes means for Injecting a fluidic material into the borehole below the radiaily 
expanded expansion oone. in a prefened embodiment the apparatus further Includes 
means for injecting a hanjenabte fluldic sealing material into an annulus between ttie 
tubular Oner and the bdrehote. In a preferred embodiment, the apparatus furtiier 
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includes means fbr radiaOy expanding at least a portion of the preexisting welltrare 
casing. In a preferred emlxNllment. the apparatus further includes nwans for 
overiappbig a portion of the radialiy expanded tubular liner with a portion of the 
preexisting welibore casing. In a preferred embodiment, the inside diameter of the 
radially expanded tubular Hner is substantia equal to the inside diameter of a 
nonovertapping portion of the preexisting wellbore casing, in a prefbnred embodiment, 
the apparatus further includes means for applying an axial force to the expansion cone. 
In a prefened embodiment, the biside diameter of the radially expanded shoe is greater 
than or equal to the indde diametn- of the redlally expanded tubular liner. 

An apparatus for forming a wellbore casing witidn a subtenranean fomration 
including a preexisting wellbore casing positioned in a borehole has also been 
descra)ed that Includes a tubular liner and means for radially expanding and coupling 
the tubular liner to an overlapping portion of the prewdsting wellbore casing. The 
Inside diameter of the radially expanded tubular Gner Is substantiaily equal to the inside 
diameter of a non-overiapplng portion of the preexisting wellbore casing . 

A wellbore casbig positioned In a borehole within a subtenanean formation has 
also been described that includes a first wellbore casing and a second wellbore casing 
coupled to and overlapping with the first wellbore casing, wherein the second wellbore 
casing Is coupled to the flist wellbore casing by the process of: installing the second 
wePbore casing, an expansion cone, and a shoe in the borehole, radially expanding at 
ieasta portion of the shoe by injecting a fluidic material into the shoe, and radially 
expanding at least a portion of the second wellbore casing by ir^eding a fluidic material 
into the borehole below the expansion cone. In a prefMred embodinient. the process 
fbrfomnbng the weilbore easing further Inchides radiaOy expanding the expansion cone. 
In a preferred embodiment, the process fbr forming the weilbore casing fUrther Inchides 
lowering the expansion cone Into the radially expanded portion of the shoe, and radially 
expanding the expansion cone. In a preferred embodiment, the process for fomning the 
weilbore casing father Includes radially expanding at least a portion of the shoe and 
the second wellbore casing by Injecting a fluidic material into the borehole betow the 
radially expanded expansion cone. In a preferred embodiment, the process for forming 
the weilbore casing further includes Injecting a hardenable fluidic sealing material Into 
an annulus between the second wellbore casing and the borehole. In a preferred 
embodiment, the process for fonning the wefflxne casli^ further includes radially 
expanding at least a portion of the first weilbore casing. In a prefbned embodiment, 
the process forfomning the wdlbore casing fiAther includes overtapping a portion of the 
radialiy expanded second welBwrecBsingwilhe portion of the first welttxNB casing. In 
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a preferred embodiment, the inside diameter of the radially expanded second wellbore 
casing is sut>stantia!ly equal to the inside dianneter of a nonovertapping portion of the 
first welltxMe casing. In a preferred embodiment, the process for forming the wellbore 
casing further includes applying an axial force to the expansion cone. In a prsfened 
5 embodiment, the inside diameter of the radially expanded shoe is greater than or 'equal 
to the inside diameter of the radially expanded second wellbore casing. 

A method of fbnming a tubular structure in a subtwranean fbnmation having a 
preexistihg tubular member positioned In a borehole has also been described that 
Includes installing a tubular liner, an expansion cone, and a shoe in the borehole, 

10 radially expanding at least a portion of the shoe by Injecting a ftuidic mateital Into the 
shoe, and radially expanding at least a portion of the tubular finer by injecting a fluidlc 
materiai into the borehole bekMv the expansion cone. In a prefened embodiment, the 
method ftjrfher includes radially expanding the expansion cone. InaprBferred 
embodiment, the method further includes lowering the expansion cone intothe radially 

16 expanded portion of the shoe, and iBdIally expanding the expansion cone. In a 
preferred embodiment the method further Includes radially expandb^ 
of the shoe and the tubular liner by injecting a lluldic material into the bore^ 
the radially expanded expansion cone. In a prefM embodiment, the method further 
Includes Injecting a hardenable fluidlc sealing materiai into an annuius between the 

20 tubular liner and the borehole. In a preferred embodiment, the method further Includes 
radially ejqundlng at least a portion of the preexisting tubular member. In a prefened 
embodiment, the method further includes overlapping a portion of the radially 
expanded tubular liner with a portion of the preexisting tubular member. In a preferred 

enibodiment. the inside diameter of the radially expanded tubulai- bier is substantially 
25 equal to the Inside diameter of a nonovertapping portion of the preexisting tubular 
member. In a preferred embodiment, the method further indudss applying an axial 
fbroe to the expansion cone. In a prefened embodiment the inside diameter of the 

radially expanded shoe Is greater than or equal to the inside diameter of the radially 
expanded tubular Hner. 

30 An apparatus for fanning a tubular stmdure In a subtenaneanfbmiation having 

a preaxisling tubutar member positioned in a borehote has also been described that 
includes means for insteUIng a tulsular aner. an expansion cone, and a shoe in the 
borehole, means for radiaOy expancHng at least a pwtlon of the shoe, and means for 
radialy expanding at toast a portton of the tobular liner. In a prefened embodiment, the 

35 apparatus further includes means fbrradtaily expanding the expansion cone. In a 
prefened enribodiment the apparatus further indudes means for lowering the 
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expansion cone into the radidly expanded portion of the shoe, and means for radiaily 
expanding the expansion cone. In a prefenned emtxxiirnent, the apparatus further 
includes means for injecting a fluidic material into the l>orehoie bekw the radiaiiy 
expanded expansion cone. In a prefennBd embodiment the apparatus further includes 
5 means for injecting a hardanable fluidic sealing material into an annuius between the 
tubular liner and the borehole. In a prefaned embodiment, the apparatus further 
includes means for radtelty expanding at least a portion of the preexisting tubular 
* menrtber In a preferred embodiment, the apparatus further includes means for 
overlapping a portion of the rBdlally expanded tubular liner with a portion of the 

1 0 preexisting tubular member. In a preferred embodiment, the inside dlarr)eter of the 
radially expanded tubular liner is sut)stantially equal to the inside diameter of a 
nonoverlapping portion of the preexisting tubular member. In a prefenBd embodiment, 
the apparatus further includes means for applying an axial force to the expansion ccme. 
In a praferred embodiment the inside diameter of the radiaily expanded shoe Is greater 

1 5 than or equal to the inside diameter of the radially expanded tubular liner. 

An apparatus for fbnning a tubular structure within a subterranean formation 
including a preexisting tubular member positioned in a borehole has also been 
described that includes a tubular liner and means for radially expanding and coupling 
the tubular liner to an overlapping portion of the pre^dsSng tubular member. The 

20 Inside diameter of the radiaBy expanded tubular liner is substantially equal to the inside 
diameter of a nonniverlapping portion of the preexisting tubular member. 

A tirixiiar structure positioned in a borehole wtthin a subterranean fbonatton has 
also been described that includes a first tubular mernber and a second tubular menter 
coupled to and ovariapping vrith the 1M tubular memtMr, virherein the second tuAndar 

25 member is coupled to the first tubular member the process of: installing the second 
tubular member, an expansion cone, and a shoe in the borehole, radially expanding at 
least a portion of the shoe by injecting a fluidic material Into the shoe, and radially 
expanding at least a portion of the second tubular member by injecting a fluidic material 
into the borehole below the expansion cone. In a prefenned embodiment the process 

30 for forming the tubular structure further Includes radially expanding the expansion cone. 
In a preferred embodiment, the process for forming the tubular structure further 
includes iowenng the expansion cone into the r»lially expanded portion of the shoe, 
and radially expanding tiie expansion oone. In a prsfened embodiment, the process 
for forming the tubular structure furttier includes radially expanding at least a portion of 

35 ttie shoe end ttie second tubular member by injecting a fluidic material Mo Vtm 

borehole below ttie radiaily expanded expanston oone. Inaprefonreddmbbdirnentttie 
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process for forming the tubular structure further includes injecting a hardenabie fiuldic 
sealing material into an iannulus between the secorid tubular member and the borehole. 
In a prefened embodiment, the process for forming the tubular structure further 
includes radially expanding at least a portion of the first tubular member. In a preferred 

5 embodiment, the process for fbmning the tubular stmcture further includes overlapping 
a portion of the radially expanded second tubular member with a pc^cm of the first 
tubular member. In a preferred embodiment, the Inside diameter of the radially 
expanded second tubuEau* member is substantially equat to the inside diameter of a 
nonoverlapping portion of the first tubular member. In a prefemed embodiment, the 

10 process for fbnning the tubular stnicture further includes applying an axial force to the 
expansion cone. In a preferred embodiment, the inside diameter of the radially 
expanded shoe Is greater than or equal to the inside diameter of the radially expanded 
second tubular member. 

Although illustrative embodlnrients of the invention have been sho^ 

15 described, a wide range of mocHfication, changes and substitution is contemplated h 
the foregoing dbdosure. in some Instances, some features of the present bivention 
may be employed without a corresponding use of the other features. Accordingly, it is 
appropriate that the appended claims be construed broadly and In a manner consistent 
with the scope of the Invention. 
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CLAIMS 

1 . A tubular stmcture portioned hi a borehole within a subtenanean fbrmaUon. 
oonv>rising: 

5 a first tubular mamber; and 

a second tubular member coupted to and overtapping with the first tubular 
member, 

wtierein the second tubular merTrt)er is coupled to the flrst tubular member by 
the processor 

10 installing the second tubular member, an expansion cone, an6 a shoe that 

defines an interior region for containing fluidic materials in the borehole; 

radially expanding at Imst a portion of the shoe by injecting a fluidic material 
into the interior region of the shoe; and 

radially expanding at least a portton of the second tubular member by injecting 
1 S a fluidic material into the tK>rehole beiow the expansion cone. 

2. The tubular stmcture of claim 1 , wherein the process further comprises: 

radially expanding the expansion cone. 

20 3. The tubular atnjcture of daim 1 , wherein the process further comprises: 

lowering the exparision cone into the rBdlaliy expanded portion of the shoe; and 
radially exparxling the ttcpansion cone. 

4. The tubular structure of daim 3, wherein the process further cornprises: 

25 radially expancRng at least a portion of the shoe and the second tubular menrAer 

by injecting a fluidic material into the borehole below the radially expanded expansion 
cone. 

5. The tubular structure of daim 1 , wherein the prcx»ss further comprises: 

30 injecting a hardenable fluidic sealing material Into an annulus between the 

second tubular member and the borehole. 

6. The tubular structure of daim 1 , wherein the prcxsss further comprises: 
radially expanding at least a portion of the first tubular member. 
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7. The tubular structure of daim 6, wherein the process further comprises: 
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overlapping a portibn of the radially expanded second tubular member with a 
portion of the first tubular member. 

8. The tubular structure of daim 7, wherein the inside dianr^ter of the radially 

5 expanded seccmd tubular merrter is sut)stantially equal to the inside diameter of a 
nonovertapping portion of the first tubularnnember. 

9. The tubular structure of daim 6, wherein the process further comprises: 
applying an axial force to the expansion cone. 

0 

10. The tubular structure of ttsim 1 , wherein the inside diameter of the radially 
expanded shoe Is greater than or substantially equal to the Inside dianneter of the 
radially expanded second tubular member. 
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Claims 

1 . An apparatus for forming a wellbore casing in a borehole located in a 
subterranean fomnation including a pree3dsting weilbore casing, comprising: 

5 a support member including a first fluid passage; 

an expanson cone coupled to the support member including a second fluid 

psesage fluididy coupled to the first fluid passage; 
an expandable tubular iiner movabty coupled to the expansion cone; and 
an expandable shoe coupled to the expandable tubular liner. 

10 

2. The apparatus of daim 1 . wherein the expansion cone is expandable. 

3. The apparatus of dalm 1 , wherein the expandable shoe Includes a valveable fluid 
passage for controlling the flow of fluidic matartels out of the expandable shoe. 

15 

4. Ttie apparatus of daim 1 . wherein the expandable shoe Indudes: 
an expandable portion; and 

a remaining portion coupled to the expandable portion; 
wherein the outer cfrcumferenoe of the expandable portion is greater than the 
20 outer drcumferenoe of the remaining portion. 

5. The apparatus of daim 4, wheroin the expandable portion indudes: 
one or rnoie Inward folds. 

25 6. The apparatus of daim 4, wherein the expandable portion indudes: 
one or more corrugations. 

7. The apparatus of daim 1 , wherein the expandable shoe indudes: 
one or more inward folds. 

30 

8. The appanitus of daim 1 , wherein the expandable shoe indudes: 
one or more corrugations. 

9. A shoe, comprising: 

35 an upper annular portion; 

an intemnediate annular portion coupled to the upper jannular portion; and 
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a lower annular portion coupled to the intermediate por^ 

wherein the intermediate annular portion has an outer drcumferenoe that is 

larger than the outer circumrermoes of the upper and lower annular 

portions. 

5 

10. The shoe of daim 9, wherein the lower annular portion indudes a vatveable fluid 
passage for oontrolling the flow of fluidic rhaterials out of the shoe. 

1 1 . The shoe of daim 9, wherein the intermediate portion Indudes: 
10 one or more inward folds. 

12. Theshoeof daim 9, wherein the intennediate portion includes: 
one or more oomigations. 

15 13. ArrtethQdofformingawellborecastnginasutrterranranfbnnafo^ 
pree)d8tlng welibore casing positiohed in a borehote 

installing a tubular liner, an expansion cone, and a shoe in the borehde; 
radially expanding at least a portion of the shoe tiy iriiecting a fluidic material 
hnto the shoe; and 

20 radiaiiy expanding at least a portion of the tubular liner by injecting a fluidic 

material into the borehole below the expansion cone. 

14. The method of daim 13, further comprising: 
radially expanding the expansion cone. 

25 

15. . The method of daim 13, further comprising: 

bwering the expansion cone into the radially expanded portion of the shoe; and 
radially expanding the expansion cone. 

30 16. The method ofdalm 15, further comprising: 

radtelly expanding at least a portion of the shoe and the tubular liner by injecting 
a fluidic material into the borehole below the radially expanded 
expanston cone. 



35 17. 



The method of daim 13. further comprising: 
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Injecting a hardenable fMdic sealing material Into an annulus between the 
tubular liner and the borehole. 

18. The nnethod of daim 13, further comprising: 
5 radially expanding at least a portion of the preexisting weilbore casing. 

ig. The method of daim 1 8, further comprising: 

overlapping a portion of the radially expanded tubular Dner with a portion of the 
preexisting weiibore casing. 

10 

20. The method of daim ig, wherein the inside diameter of the radially expanded 
tubular liner is substantially equal to or greater than the inside diameter of a 
nonoverlapping portion of the preexisting weiibore casing. 

IS 21. The method ofdalm 18, further comprising: 
applying an axial force to the expansion cone. 

22. The method of daim 13, wherein the inside diameter of the radially 
shoe is greater than or substsintolly equal to the inside (Sameler of the radially 

20 expanded tubular liner. 

23. An apparatus for forming a weiibore casing In a subterranean fomnation having a 
praexisting weiibore casing positioned in a borehde, comprisirig: 

means for installing a tubular liner, an expansion cone, and a shoe in the 
25 boiBhole; 

means for radially expanding at least a portion of the shoe by injecting a fluidic 

material Into the shoe; and 
means for rsKlially expanding at least a portion of the tubular liner by injecting a 
fluidic material into the borehole below the expansion cone. 

30 

24. The apparatus of daim 23, further comprising: 
means for radially expanding the expanston cone. 
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25. 



The apparatus of daim 23, further comprising: 

means for lowering the expansion cone into the radially expanded portion of the 
shoe; and 
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means for radially expanding the expansion oone. 
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26. The apparatus of daim 25, further conrtprlsing: 

means for injecting a fluidic material into the txmhole below the radially 
expanded expanston cone. 

27. The apparatus of daim 23, further comprising: 

means for injecting a hardenable fluidic sealing material into an annulus 
l>etween the tubular Dner and the borehole. . 

28. The apparatus of daim 23, further conriprising: 

means for radially expanding at least a portion of the preexisting wellbora 
sing. 



15 20. The apparatus of daim 28, further oomprbing: 

nneans for overlapping a portion of the radially expanded tubular liner with a 
portion of the preexisting weHbore casing. 

30. The apparatus of daim 29. wherein the inside diameter of the radially expanded 
20 tubular liner is substantially equal to the inside diameter of a nonoveriapping portion of 

the preexisting welibore casing. 

31 . The apparatus of daim 28, further comprteing: 
means for applying an axial force to the expansion cone. 

25 

32. The apparatus of daim 23. wherein the inside diameter of the radially expanded 
shoe is greater than or substantially equal to the biside diarneter of the 

expanded tubular liner. 

30 33. An appjaratus fbr fbnming a welibore cashg within a subterranean formation 
including a preexisting welibore casing positioned in a borehole, oomprising: 
a tubular liner, and 

means for radially expanding and coupling the tiibular liner to an overlapping 
portion of the preexisting welibore casing; 
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wherein the inside dianneter of the nmiially expanded tubular liner is 

substantially equal to the inside dianneter cf a non-overlapping portion of 
the preexisting wellbore casing. 

S 34. A wslibore casing positioned in a borehole within a subtenanean fomnation. 
comprising: 

a first wellbore casing; and 

a second wellbore caslr^ coupled to and overlapping with the first wellbore 
casing; 

10 wherein the second wellbore casing is coupled to the first wellbore casing by 

the process of: 

ironing the second wellbore casing, an expansion cone, and a shoe in 
the borehole; 

radially expanding at least a portion of the shoe by injecting a fluicfic 
15 material Into the shoe; and 

radially expanding at least a portion of the second wellbore casing by 

Injecting a fluldic material Into thie borehole below the expandon 

cone. 

20 35. The wellbore casing of daim 34, wherein the process further comprtees: 
radially expanding the expanstori cone. 

36. The wellbore casing of dalm 34, wherein the process further comprises: 
lowering the expansion cone into the radially expanded portion of the shoe; and 

25 radially expanding the expanston cone. 

37. The v^llbore casing of dalm 36. wherein the process further comprises: 
radially expanding at least a portion of the shoe arxJ the second wellbore casing 

by Injecting a fluldic material into the borehole below the radially 
30 expanded expansion cone. 

38. The wellbore casing of dalm 34, wherein the process further comprises: 
injecting a hardenable fluldic sealing material Into an annulus between the 

second wellbore casing and the borehole. 

35 

39. The weflbore casing of dalm 34, wherein the process further comprises: 
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radially expanding at least a portion of the first wellbore casing. 

40. The wellbore casing of daim 39, wherein the process further comprises: 
overlapping a portion of the radially expanded second wellbore casing with a 

portion of the first wellbore casing. 

41 . The wellbore casing of dalm 40, wherein the Inside diameter of the radially 
expanded second wellbore casing is substantially equal to the inside diameter of a 
nonovertapping portion of the first wellborB casing. 

42. The wellbore casing of dalm 39, wherein the process further comprises: 
applying an axial force to the expansion done. 

43. The wellbore casing of daini 34, wherein the insU^ 

1 5 expanded shoe is greater than or substantially equal to the Inside diameter of the 
radially expanded second wellbore casing. 

44. Amethodoffbnningatubularstmdureinasubtenaneanfbrmafionhavinga 
preexisting tubular memb^ positioned in a borehole, oompri^: 

20 installing a tubular Oner, an expansion cone, and a shoe in the borehole; 

radially expanding at least a portion of the shoe by injecting a fluidic material 
Into the shoe; and 

radially expanding at least a portion of the tubular liner by injecting a fluidic 
material into the borehole below the expansion cone. 

25 

45. The method of daim 44, further comprising: 
radially expanding the expansion cone. 

46. The method of daim 44, further comprising: 

30 lowering the expansion cone bito the radially expanded portion of the shoe; and 

radially expanding the expansion cone. 

47. The metfiod of daim 46, furthw comprising: 

radially expanding at least a portion of the shoe and the tubular liner by injecting 
35 a fluidic material into the txmhde below the radially expanded 

expansion cone. 
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The method of daim 44. further oomprising: 

injecting a hardenable flutdic sealing nrtatertal into an annuto t)etween the 
tulMlar liner and the borehole. 

The method of daim 44, further oomprising: 
radially expanding at least a portion of the preexisting tubular member. 

50. The method of daim 49, further oomprising: 

10 overlapping a portion of the radially expanded tubular liner with a portion of the 

preexisting tubular nriember to provide a load bearing interface and a 
fkildicseal. 

51 . The method (rf daim 50, wherein the Inside diameter <rf the radially expanded 

1 5 tubular liner is substantially equal to the inside diameter of a nonoverlapping portion of 
the preexisting tubular mertter. 

52. The nmthod of daim 49. further oomprising: 
applying an axial force to the expansion cone. 

20 

53. The method of daim 44» wherein the inside diameter of the radially expanded 
shoe is greater than or substantially equal to the inskte diameter of the radially 
expanded tubular liner. 

25 54. An apparatus for fonring a tubuteir structure in a subtemanean formation having a 
preexisting tubular meniber positioned in a borehole, comprising: 

means for insialling a tutxiiar liner, an expansion cone, and a shoe in the 
borehole; 

means for rsKliaily expanding at least a portion of the shoe; and 
30 rneans for radially expanding aA least a portion of the tubular liner. 

55. The apparatus of daim 54, further oomprising: 
means fbr radia^y expanding the expansion oone. 

35 56. The apparatus of daim 54, further comprteing: 



48. 



49. 
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means for lowering the expansion cone into the radially expanded portion of the 
shoe; and 

means for radially expanding the expansion obne. 

5 57. The apparatus of daim 56, further comprising: 

means for injecting a fiuidic material into the borBhole belcw the radially 
expanded expanstor) cone. 

The apparatus of daim 54. further comprising: 
means for injecting a haidenable fiuidic sealing material into an annulus 
between the tubtHar liner and the borehole. 

59. The apparatus of dabn 54, liirther comprising: 

nieans fbr radially expamling at least a porttori of the preexisti 
15 member. 

The apparatus of daim 59, further comprlsirig: 
means for overlapping a portion of the radially expanded tubular liner with a 
portion of the preexisting tubutar member to provide a load bearing 
interface and a fluicBc seal. 



58. 

10 



60. 
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61 . The apparatus of daim 60, wherein the inside diameter of the radially expanded 
tubular liner is substantially equal to the inside diameter of a nonoverlapfring portion of 
the preexisting tubular member. 

25 

62. The apparatus of daim 59, further oomprisir>g: 

means for applying an axial force to the expansion cone. 

63. The apparatus of daim 54, wherein the Indde diameter of the radially expanded 
30 shoe Is greater than or substanlially equal to the inside diameter of the radially 

expanded tubular liner. 

64. An apparatus forfbnrilng a tubular structure vvithin a subterranean fonra 
Including a preexisting tulMilar memt)er positioned in a borehole, comprising: 

35 a tubular Bnen and 
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means for radially expanding and coupling the tubular liner to an overlapping 

portion of the preexisting tubular member; 
wherein the inside diameter of the radially expanded tubutar liner is 

substantially equal to the inside diameter of a non-overlapping portion of 
5 the preexisting tubular member. 

65. A tubular structure positioned in a borehole within a subterranean fbnnation, 
comprising: 

a first tubular niember; and 
10 a second tubular member coupled to and overlapping with the first tubular 

member. 

wherein the second tubular member is coupled to the first tubular member by 
the process of : 

installing the second tubular member^ an expansion cone, and a shoe in 
IS the borehole; 

radially expanding at least a portion of the shoe injecting a fkjidic 

material into the shoe; and 
radially expanding at least a portion of the second tubular member by 
injecting a fluldic material into the borehole below the expanston 
20 cone. 

66. The tubular structure of daim 65, wherein the process fitfther comprises: 

radially expanding the expanston cone. 

25 67. The tubular structure of daim 65, wherein the process further comprises: 

lowering the expansion cone into the radially expanded portion of the shoe; and 
radially expanding the expansion cone. 

68. The tubular structure of dabfn 67, wherein the process further comprises: 
30 , radially expanding at least a portion of the shoe and the second tubular member 
by injecting a fluldic material into the borehole below the radially 
expanded expanston cone. 
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69. 



The tubular structm of dalm 65, wherein &te process further corrqfirtees: 
Injecting a hardeneUe fluidic sealing material into an annulus between the 
second tubular member and the borehole. 
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70. The tubular structure of daim 65, wtierein the process further comprises: 
radially expanding at least a portion of the first tubular member. 

5 71 . The tubular structure of daim 70, wherein the process further comprises: 

overlapping a portion of the radially expanded second tubular member with a 
portion of the first tubidar mennber. 

72. The tubular sinicture of daim 71 , wherein thei inside diameter of the radially 
10 expanded second tutMJiar member is substantially equal to the inside diameter of a 

nonover1an>ing portion of 0)0 firsf tubular member. 

73. The tubular stmcture of daim 70, wherein the process further comprises: 

applying an axial force to the expansion cone. 

15 

74. The tubular stmcture of daim 65, wherein the inside diameter of the radially 
expanded shoe is greater than or substantially equal to the inside diameter of the 
radially expanded second tubular member. 

20 75. An apparatus for fbnning a wellbore casing in a borehole located In a 
subterranean fomnation induding a preexisting wellbore casing, comprising: 
a support member induding a first fluid passage; 
an expandable expansion cone coupled to the support member induding a 
sedond fluid passage fluldidy coupled to the first fluid passage; 
25 an expandable tubular Oner movably coupled to the expansion cone; and 

an expandabte shoe couplad to the expandable tubuter liner oonqprising: 

a valveabie fluid passage for contn^iing the flow of fluidic materials out 

of the expandable shoe; 
an expandable portion induding one or more inward folds; and 
30 a remaining portion coupled to the exparxtebto portion; 

wherein the outer drcuntferenoe of the expandabte portion is greater 
than the outer circumference of the remaining portion. 

76. A shoe, comprising: 
35 an upper annular portion; 
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an intermediate annular portion coupled to the upper annular portion Including 

one or more inward folds; and 
a lower annular portion coupled to the intermediate portion including a 

vah/eable fluid passage for controlling the flow of fiuidic materials out of 
5 the shoe; 

wherein the intermediate annular p(»1ion has an outer circumference that is 

larger than the outer drcumferences of the upper and lower armular 

portions. 

10 77. A method of forming a weiitxHe casing in a subtenanean fonnation having a 
preexisting wellbore casing positioned In a borehole, comprising: 

installing a tubidar liner, an expansion cone, and a shoe in the borehole; 
radially expanding at least a portion of the shoe by injecting a fiuidic material 
into the shoe; 

1 5 lowering the expansion cone into the radially expanded portion of the shoe; 

radially expanding the expansion cone; 

radially expanding at least a portion of the tubular liner by injecting a fiuidic 
rraterial into the Isorehoie below the expansion cone; aind 

overlapping a portion of the radially expanded tubular liner with a portion of the 
20 preexisting wellbore casing; 

wherein the inside diameter of the radially expanded shoe is greater than or 
substantially equal to the biside diameter of the radially exparxfed 
tubular linen and 

wherein the inside diameter of the radially expanded tubular liner is 
25 substantially equal to or greater than the Inside diameter of a nonoverlapping 

portion of the preexisting wellbore casing. 

78. An apparatus for forming a wellbore casing in a subtenanean fonmation having a 
preexisting wellbore casing positioned in a borehole, comprising: 
30 means for installing a tubular Bner, an expansion cone, and a shoe In the 

borehole; 

means for radially expanding at least a portim of the shoe by injecting a fiuidic 

rhaleriai into the shoe; 
means for lowerfrig ttie expansion cone into the radially expanded portion of ttie 
35 shoe; 

means for radially expanding ttie expansion cone; 
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means for radially expanding at least a portion of the tubular liner ir^'ecHng a 
fluidic nnaterial into the txmhoie bekm the radially expanded expansion 
oone; 

means for radially expanding at least a portion of the preexisting wellbore 
5 casing; and 

means for overlapping a portion of the radially expanded tubular liner with a 

porton of the preexisting wellbore casing; 
wherein the inside diameter of the radially expanded shoe bs greater than or 

substantially equal to the inside diameter of the radtaily expanded 
10 tubular liner; and 

wherein the inside diameter of the radially e)q9anded tubular liner b 

substantially equal to the inside diameter of a nonoverlapphng portion of 

the preexisting wellbore casing. 

15 79. A wellbore casing positioned in a borehole within a subtenanean fbnnatlon, 
comprising: 

a first wellbore casing; and 

a second wellbore casing coupled to and iDverlapping with the first wellbore 
casing; 

20 wherein the second wellbore casing is coupled to the first wellbore csei^ 

the process of: 

installing the second wellbore casing, an expansion oone, and a shoe In 
the borehole; 

radially expanding at least a portion of the shoe by injecting a fluidic 
25 material into the shoe; 

lowering the expansion cone into the radially expanded portion of the 
shoe; 

radially expanding the expansion cme; 

radially expanding at least a portion of the second wellbore casing by 
30 , ir^ecHng a fluidic material into the borehole below the radially 

expanded expansion cone; and 



overlapping a portion of the radially expanded second wellbore casing 
with a portion of the first wellbore casing; 
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wherein the inside diameter of the radl^ expanded shoe is greater 
than or substantially equal to the inside diameter of the radialiy 
expanded second wellbore casing; and 

wherein the inside diameter of the radialiy expanded second wellbore 
5 casing is substantiaily equal to the inside diameter of a 

nonoverlapping portion of the first wellbore casing. 

80. A method of fomning a tubular structure in a subtenanean formation having a 
preexisting tubular member positioned in a borehole, comprising: 
1 0 installing a tubular liner, an expansion cone, and a shoe In the borehole; 

radially expanding at least a portion of the shoe by injecting a fiuldic material 
into the shoe; 

lowering the expansion cone into the radially expanded portion of the shoe; 
radially expanding the expansion cone; 
15 radially expanding at toast.a portion of the tubi^r liner by injecting a fluldic 

matefted into the borehole below the radialiy expanded expansion cone; 

and . 

overiapping a portion of the radially expended tubiter Hner with a portion c^ 
preexisting tubular member to provide a load bearing interface and a 
20 fluldic seal; 

wherein the inside dianrteter of the radially expanded shoe is greater than or 
substantially equal to the inside diameter of the radially expanded 
tubidar liner; and 
wherein the inside diameter of the radially expanded tubular liner is 
25 substantially equal to the Inside diameter of a rKsnoveriapping portion of 

the preexisting tubular member. 

61 . An apparatus for fonning a tubular stmcture in a subterranean fonmation having a 
preexisling tubular menrtber positioned in a borehole, comprising: 
30 nieans for installing a tubular iiner, an expansion oon^^^ 

lx)reh(rfe; 

means for radially expanding at least a portion of the shoe; 
means for towering the expansion cone into the radiaily expanded portion of the 
shoe; 

35 means for radially expanding the expansion cone; 

means for radially expanding at least a portion of the tubular liner, and 
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means for overlapping a portion of the radially expanded tubular liner with a 

pc^on of the preexisting tubular member to provida a load bearing 

interface and a fluidic seal; 
wherein the inside diameter of the radially expanded shoe is greater than or 
5 substantially equal to the Inside diameter of the radially expanded 

tubular Oner, and 
wherein the Inside dianneter of the radially expanded tubular liner is 

substantially equal to the inside diameter of a nonoverlapping portion of 

the preexbting tubular member. 

10 

82. A tubular stmcture posifioned In a borehole within a sidstenranean fbrnnation, 
cofi^trisingc 

a first tubular member and 

a second tubular member ooupted to and overlapping with the first tubular 
15 membeTp 

wherein the second tubular member is coupled to the first tubular member by 
the process of: 

installing the second tubular member, an expanston oone, and a shoe in 
the borehole; 

20 radially expanding at least a portbn of the shoe by injecting a fluidic 

matertal Into ttie shoe; 
lowering the expansion cone into the radially expanded portion of the 
shoe; 

radially expanding the expansion cone; 
25 radially expanding at least a portion of the second tubular member by 

injecting a fluidic rnaterial Into the bcmhole below the ^ 
expanded expansion oone; and 
overlapping a portion of the radiaDy expanded seoond tubular member 
with a portion of the first tubular member. 
30 wherein the inside diameter of the radially expanded shoe is greater 

than or subslanlialty equal to the Inside diameter of the radially 
expanded second tubular member; and 
wherein the inside diameter of the radially expanded seoond tubular 
member is substentially equal to the Inside diameter of a 
35 nonoverlapping portion of the first tubular merriber. 
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